forthcoming inJournal of Environmental Economics and Management

Further Results on Permit Markets

with Market Power and Cheating

Arun S. Malik

Department of Economics
George Washington University

This paper examines a market for pollution permits in which one firm has market power and
one or morefirmsis noncompliant. | show that thefirm with market power may choose to
hold more permits than it needs, effectively retiring permits fromthe market. | also show
that some noncompliance may be socially desirable because it can mitigate the distortion
caused by market power. Similarly, some degree of market power may be socially desirable
because it can, in turn, mitigate thedistortion caused by noncompliance.

| am grateful to Greg Amacher for constructive comments on an earlier version of the paper, and to Chris Snyder and
Sumit Joshi for helpful discussions in the course of writing the paper. | also thank Amine Mati for research
assistance. Any errors are my responsibility alone.



1. Introduction

The properties of a system of marketalde pollution permits are well known in the static “ text-
book” setting in which firmsare price takers, the transactions costs associated with trading are small, and
firms comply voluntarily with their permit limits. But this amplified setting ignores conditions thet are
likely to exist in actual permit markets. For example, firms may be able to influence permit prices,
transacti ons costs may be hi gh, and firms may choose to be noncompliant. A number of authors have
examined the implications of these, and other, complications. The effects of market power are explored
by Hahn (1984), Tietenberg (1985), Misolek and Elder (1989), van Egteren and Weber (1996), and
Westskog (1996), among others. Tschirhart (1984) and more recently, Stavins (1995), formally examine
the effects of transactions costs. Rubin (1996), Cornshawv and Kruse (1996), and Klingand Rubin
(1997) evaluate the possibility of intertemporal trading of permits. Malik (1990, 1992), Keeler (1991),
and van Egteren and Weber (1996) consider the implications of noncompliance.

This paper extends the work of both Hahn (1984) and van Egteren and Weber (1996) on the
effects of market power and noncompliance in permit markets. It also qualifies aresult obtained by van
Egteren and Weber on the optimal initial endowment of permits.

Hahn examines the effects of market power in a setting where onefirm has market power and all
firms are compliant. He shows that in this setting the initial permit endowment of the firm with market
power influences the equilibrium allocation of permits. He also shows that the equilibrium allocation
generally does not coincide with the cost-effective one.

Van Egteren and Weber adapt Hahn's model of market power to allow for noncompliance,
extending the work of Malik (1990), who examinesthe effects of noncompliance in a competitive permit
market. They show that theinitial permit endowment of the firmwith market power influences the

pattern of noncompliance amongfirmsin afairly predictable mamner. They, therefore, argue that the



initial endowment of permits can be used by the regulator to control nat only the degree of market power
in apermit market, but also the degree of noncompliance.

In thefirst part of this paper (Section 3), | consider a setting that differs fromthe one examined
by Hahn in that noncompliance is allowed among the price-taking firms. | show tha the firm with
market power may choose to hold more permits thanit needs (given its emissions level), in effect retiring
some permits from the permit market. This behavior, whichis not considered by Hahn, is hot a function
of the possible noncompliance of the pricetaking firms. Nor isit related to permit “banking”, since the
model isastatic one. Instead, it is an unusual form of monopoly restriction of output.

In Section 4 of the paper, | consider the social desirability of nhoncompliance among the price-
taking firms. | show that noncompliance can be desirable, because it can mitigate the distortionscaused
by marke power.

In Section5, | go on to allow thefirm with market power to be noncompliant. | find that this
does not affect the firm's behavior if it retires permits: the exercise of monopoly power provides enough
incentive for it to be compliant and hold an adequate number of permits. This compliance incentive of
monopoly power also exists when the firm does not retire permits, though to alesser degree.

In Section 6, | examine the optimal initial endowment of permits. | qualify aresult presented by
van Egteren and Weber on the desirability of increasingthe initial permit endowment of the firmwith
market power. | show that the desirability of doing so isambiguous even in the one case where they
suggest it isnot. | demonstrate, instead, that given noncompliance, it is generally not optimal to choose
theinitial endowment so that market power is eliminated. Thefina section of the paper contains some

concluding remarks.



2. Basic Model

The basic model isidentical to van Egteren and Weber's. Their notation is used tothe extent
possible, butit has been extended, and inafew cases modified, primerily because of the need to
di stinguish outcomes with and without noncompliance.*

The permit market consists of N firms, of which only one firm, Firm 1, has market power. The
remaining (N-1) firms are price takers. Each firm's gross profits when emitting e, units of pollutant are
given by astrictly concave function B,(g). This function does not include the firm’spermit expenditures
(or revenues) or any penalties for possiblenoncompliance. Accordingly, B,(e) captures the social
benefits generated by firmi'semissions. B,(e) isat first increasing in e, reaching amaximumat €, and
then decreasing, as it becomes necessary for the firmto devote resources to generating pollution. Thus:
0<B/(e)<~fore<e" B/ (e =0,andB/(e) <0forg>e"* Thefirmwoud presumably never emit
more than €" since this would reduce its profits. We can, therefare, refer to €' asfirmi’s maximum
emissions level.

A total of C permits are issued by the regulator and allocated among the N firms, with /2 denoting
firmi’sinitial endowment of permits. The number of permits held by a firm after trading, /;, may be
larger or smaller than 2, depending on whether the firm is a net buyer (I’ < 1)) or net seller (I’ > 1) of
permits at the prevailing permit price P. | use/; to denote both afirm's permit holdings and its emissions
when the two are equal.

If afirm is noncompliart, its emissions exceed its permit hddings, andv, =¢e -/, > 0. The

expected penalty for noncompliance isgiven by afunction S(v,), that is strictly increasingand strictly

“The primary difference in notation is that a superscript ¢ (indicating compliance) or a superscript n
(indicating noncompliance) is used to denote optimal choices, rather than an asterisk.

2Hahn assumes that B," > 0 everywhere, which effectively implies that the firm has no finite maximum
emissions level. Thisrulesout the possibility of permit retirement.
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convex when v, > 0, with S§(v;) = 0 whenv, = 0.> In terms of van Egteren and Weber’s notation, S(v;) =
B:(v;)F(v,), where B,(v;,) represents the probability of the firm being audited and F(v,) represents the
penalty for violations.

Malik (1990) shows that with this type of expected penalty function, the decision rue employed
by a price-taking firmwhen choosing its emissions level is the same whether the firm iscompliant or
noncompliant. In both cases, at an interior optimum, emissions are chosen < that B,'(e) = P. Thus, a
price-taking firm's emissions choice function when noncompliant isidentical to its emissions choice
function when compliant. For both cases, this function will be written ¢(P). Inthe case of afirmthat is,
by assumption, compliant, the emissions choice function coincides with the firm’s permit demand

function:*

e(P)

1P

B/ (P); (1)

B./*(") issimply the inverse of themarginal gross profit function B'(-). Given the strict concavity of
B.(:), emissions are decreasing in permit price: de(P)/dP < 0.
Noncompliance by a pricetaking firm manifestsitself inthe firm’s demand function for permits.

It can be shown that®

1/(P)

I4P) - S/ Y(P), (2

where S'*(:) > 0 isthe inverse of the margnal expected penalty function. The strict convexity of the

expected penalty function implies that dS'*(P)/dP > 0. Thisimplies that a pricetaking firm's demand for

%I, instead, Si(-) were linear, the firm would generally be at one of two corner solution: if S;" > P, it would
choose /; = g, and if S; <P, it would choose /; = 0, even if ;> 0.

“Thisis not true if the firm is at a corner solution when noncom pliant, specifically, if it holds no permits
even though its emissionsare positive | assume that the characteristics of the permit market and enforcement policy
are such that all polluting firms hold some permits. Van Egteren and Weber also make this assumption.

®This relationshi p can be derived by manipulating the first-order conditions for the noncompliant firm's
problem, P = S/(v;) and B;'(g) = S/'(v)).



permits is more elastic when the firm isnoncompliant:

di’  dB'"\(P ds. (P dB'~Y(P dl’
1 = i ( ) _ i ( ) < i ( ) = 1 < 0. (3)
dP dP dP dP dP

N .
LetL(P) = » I7(P) denote the aggregate grass permit demand of the (N-1) price-taking firms.
i=2

When all (N-1) firms are compliant, k = j = ¢; when some or dl of them are noncompliant, k=nandj=n

for at least somei. We can use (2) and (3) to write:
0<LI@P)<LLP), LYYP)Y<LS'(P)<O. (4)

These guantity relationshipscan be translated into price rdationships by making use of the market-
clearing condition L*,(P) = (C - /,), where k =c or n. Asvan Egteren and Weber note, the market-
clearing condition can be inverted to obtain an equilibrium price function B(C - ;). Interms of this price

function, the inequalitiesin (4) imply:

Result 1. When some or all of the price-taking firms are noncompliant, their aggregate demand for

permits contracts and becomes more elastic:

0< Pn(-) < Pc(.), PC/(.) < Pn,(') <0. (5)

The contraction in demand, but not the increase in elasticity, is derived and discussed by Malik (1990).
Theincreasein elasticity isfairly intuitive, sincenoncompliance can be viewed as a substitute for the
purchase of a permit.

Asnoted earlier, in Section 4, | consider the desirability of allowing some noncompliance by the

price-taking firms. The notion of allowing some noncompliance can be formalized most easily by



introducing a parameter, o, in (2):

L) = LS(P) - aS;”\(P). (6)

If « =0, L(P,0) = I{(P); and if « = 1, [i(P;1) = [/(P). The qualitative eff ect of al lowing some noncom-
pliance can bedetermined by evaluating the sign of the appropriate comparative static derivative with
respect to o at « = 0. For example, the effect onthe permit holdings of a pricetaking firm of allowing
some noncompliance would be given by d/ow|, ., = -S'*(P) < 0. For this case, the comparativestatic
derivative does not depend on the magnitude of «, but in general it would.

Given (1), achange in « would not directly affect aprice-taking firm’s emissions level. But it
would indirectly affect thefirm’s emissions level through its effect on the equilibrium permit price. This

can be seen from the market-clearing condition, which would now be written

N, N _
sIP) + yw LPw) = L- 1, )
=2 =N +1

because we need to distinguish between compliant and noncompliant, pricetaking firms. Firms2
through N, are the compliant firms and firms N.+1 through N are the potentially noncompliant ones.

Examining this condition, it is evident that a change in « would alter the equilibrium permit price.

3. Permit Retirement

L et us beginby considering the possihility that Firm 1 retires permits. Following Hahn, | will
assume, for the moment, that Firm 1 is compliant. But, unlike him, | will allow for the possibility that

one or moreof the pricetaking firms is noncompliant.



Explicitly allowing Firm 1's permit holdings to exceed its emissions, Firm 1's problemis:®

max _ Bye) + P,(L- 1) - 1)
€20, ;<L (8)
s.L. l1 > e,.

Letting . > O be the Lagrange multiplier associated with the constraint, the Kuhn-Tucker conditions for

an interior soluion to this problem (€" >0, [;" < L) are:

B1'(el) = B, ©)
M,(L- L, - 1) = b, (10)
p(y-e) = 0, (12)
where
M@L-1,00-1)=P@L-1)+ P/'(L-1)(-1) (12)

captures Firm 1's marginal revenuesfrom the sale of permitswhen it has a monopoly power, or its
marginal expenditures onthe acquisition of permits when it has monopsony power. NotethatM (-) <
P,(-) in thefirst case, and M,(-) > P,(-) inthe second. If £ =/, M,(*) = P,(-) and the firm does not
exercise market power.

Given the strict concavity of B, (+), asufficient condition for the solution to (9)-(11) tobe uniqueis

for marginal revenues to be declining in permit sales (reductionsin/,):

B aMn 1T wer 0
= 2P0y ¢ A - 1) <0, (13)

1
Thefirst term on the RHS of this expressionis negative. The sign of the second term depends on the
curvature of the equilibrium price function and on whether Firm 1 hasmonopoly or monopsony power.

| will assumethat P, ” is sufficiently small for (13) to hold inboth cases.

®A non-negativity constrant isnot required for 1, because /; > Oisensured by the included constraints
l,>e>0.



If Firm 1 retires permits, /, > e, holds. The complementary slackness condition in (11) implies
that in this case, p must equal zero. Condition (9) then reducesto B,’(e,) = 0, which implies that the firm
emits €] Note that for the firm to beable to emit €7 while remaining compliant, € must be smaller than
C. Assumingthisistrue, the relevant question is whether the firmwould actually choose to retire

permits. The following proposition answers this question; its proof is provided in Appendix A.

Proposition 1. Firm I will retire permits if, and only if, its marginal revenues are negative when I, = ¢’;:

M(L-e"I[-e¢") = P(L-e") + P/(L-e")( -e" < 0. (14)

This condition can hold only if Firm 1's initial endowment of permits, [}, exceeds €.

The possibility of Firm 1 finding it optimal to retire permitsisillustrated in Figure 1. For
simplicity, the result isillustrated for the casewhere al firms are compliant (as was assumed by Hahn).
The emissions level and permit hddings of Firm 1 are measured from the right edge of the*“trading box.”
The aggregate emissions and permit holdings of the (N-1) price-taking firms, denoted E, and L ,, are
measured from the left edgeof the box. The width of the trading box corresponds to the total number of
permitsissued, C.

The simplest case to consider in the figureis one where Hrm 1 isinitially grantedall C permits,
I =L. Firm 1 then becomes amonopoly supplier of pemits. Itsmarginal cost of supplying permitsis
given by B,'(1,), and its marginal revenues ae related in the usual manner to the aggregate demand

function:

M(E- 1,01y = L7 WEZ DT
(L - 1)

(15

where the subscript “c” reflects the assumed compliance of the price-taking firms. Figure 1 shows the
marginal revenue curve corresponding to the linear aggregate demand curve drawn. This type of demand

curveisobtained if the (N-1) price-taking firms are idertical and have a quadratic gross profit function,



B(-). Asindicated inthefigure, inthiscase, P,(C - 1,) = B'((C - 7,)/(N-1)).

The equilibrium alocation of permitsis gven by the point labeled A in the figure. The
corresponding equilibrium permit price is P°. The number of permits retired by Firm 1 at this
equilibrium is given by the distance between A® and €] This outcomeis nothing ather than the gandard
monopoly outcome at which marginal revenuesare equated tomarginal costs: M (C - /5,C - 1) = B,’(€7) =
0. What isunusual, isthat both are equal to zero.

This permit retirement outcome can be explained quiteeasily. The firm’s objectiveisto
maximize profits, that is, thedifference between revenues and costs. Revenues are maximized by
increasing output, i.e., selling permits, until marginal revenues equd zero. Generally, this output level
does not maximize profits because increasing output raises the cogsincurred by the firm; in our context,
selling more permits requires lowering emissions, which is costly. However, in the situation considered,
the firm’sinitial permit endowment is such that it does not have to lower its emissions in order to sell the
revenue maximizing number of permits.

Asthis explanation indicates Firm 1'sinitial permit endowment must be generous for it to
engage in permit retirement. As Proposition 1 states, / > €] must hold. This condition is not as stringent
as it appears. In particular, the condition does not require Firm 1'sinitial endowment to exceed its
emissions leve prior to regulation. Rather, it requirestheinitiad endowment to exceed Firm 1's
maximumemissions level after it has undertaken measures to comply with the permit program. This
distinction is best conveyed with an example. Let €' denote the firm’s maximumemissions level prior
to regulation. Upon introduction of the permit market, the firm is given /% < €' permits. Now suppose
that it is cheaper for the firm to achieve compliance by adopting aninherently less polluting production
technology, than by purchasing additional permits. The firm's maximum emissons level with this new

technology in pl ace is the quantity captured by €7 Because of the lumpiness of technolagies, €7 could



well be smaller than 2 even though £ < €".”

Inspecting Figure 1, we can see that for the permit retirement condition in (14) to be satisfied, the
aggregate permit demand of the price-taking firms mug be small relative to the total number of permits
issued (C), and relative to Firm 1's maximumemissions level (€7). |f the aggregate demand of the price-
taking firms were much higher than that depicted, M_(-) would intersect B,’(-), and Firm 1 would not
choose to retire permits. For permit reti rement to occur in this case, Firm 1's margina profits would have
to be smaller, shifting B,’(:) in and reducing €]. To the extent that permit retirement issimply an unusual
form of monopoly restriction of output, these observations imply that this form of monopoly restriction
occurs only if output demand is sufficiently low and the marginal cost of output provision by the
monopolist is sufficiently small.

Interestingly, in this model, permit retirement cannot occur as aresult of Firm 1 buying up
permits and reti ring them (which i s a seemingly reasonable possibility). It can occur only if Firm 1's
initial endowment is larger than its maximum emissions level once in compliance. If Firm 1 were a buyer
of permits, it would attempt to exercise monopsony power instead, and restrict its permit purchases.

Monopsony behavior by Firm 1 raises the possibility of the price-tking firms retiring permits.
Thiswould occur if Firm 1 restricts its permit purchases to such an extent that, collectively, the price-
taking firms are left holding excess pemits. It can be shownthat this would only occur in the unlikdy
case where the equilibrium permit price equals zero.® Thus, when Frm 1 exercises monopsory power,

each firm’s emissions are generally equal to its permit holdings.

"For example, a coal fired powered can reduceits emissons of sulfur dioxide by: (1) installing a scrubber
that traps the sulfur dioxide before it enters the atmospher e, or (2) modifying its generating unit (at considerable
capital cost) to burn low-sulfur coa (Moore, 1995). Thefirst option presumably would not affect the pl ant's
maximum emissions level, but the second option would reduce it substantially.

8This can be verified using the Kuhn-Tucker conditions in (9)-(11).
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4. Desirability of Noncompliance among Price-Taking Firms

The exercise of market power by Firm 1 imposes social costs. As Hahn points out, the
aggregate costs of redudng emissions to the desired level are not minimized because marginal profits are
not equated between Firm 1 and theprice-taking firms. Thiscan be seen from the first-order conditions
for Firm 1's problem, (9)-(11). In general, these conditionsimply that M (-) = B,’() = B/'(:) = P,("), i =
2,3,...,N, given that theprice-taking firms set thar marginal profits equal to the permit price. In the case
where Firm 1 exercises monopoly power, margind profits are lower for Firm21: M (-) =B,'(")) <B/'(-) =
P.(*). Inthe case whereFirm 1 exercises monopsony power, the opposite is true.

Asnoted in Result 1, noncompliance by the price-taking firms renders their demand for permits
more elastic. Therefore, when Firm 1 exercises monopoly power, noncompliance by the price-taking
firms reduces its monopoly power and reduces the divergence beween its marginal profits and the
marginal profits of the price-takingfirms. This suggests tha there may be social benefits to
noncompliance.’ These benefitshave to be weighed against the obvious costs of noncompliance, namely
higher emissions levelsand environmental damages. Obviously, if noncomplianceis severe, its costs
will outweigh any possible benefits. In this section, | will show that under certain conditionssome

noncomplianceis, in fact, socially desirable.

A. Preliminaries
To establish this result, an assumption must be made about the manner in which the total number
of permitsissued, C, was chosen by the regulator. Following van Egteren and Weber, | will assume that

L was chosen assuming afirst-best setting, i.e., it was chosen to maximize net social benefits assuming

°The divergence between Firm 1's marginal profits and the marginal profits of the price-taking firms
represents Firm 1's markup. It should be noted that a lower markup does not necessarily imply alower welfare loss.
In the conventional monopoly model, the welfare loss due to monopoly is not an increasing function of the markup
(e.g., e Tirole, p. 67). In the setting considered here, noncompliancefurther attenuates the relationship between
these two quantities. The potential desirability of noncompliance is established below by identifying changes in
welfare.
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N
universal compliance and price-takingbehavior.”® Thus, C isthevalueof L = y I, that maximizesthe

N i=1

difference between aggregate gross profits and environmental dameges, y B,(l)) - D(L), under the
i=1

assumption that marginal profits are equated acrossfirms. It canbe verified that the following

relati onships would then hold at a competi tive equi librium:
PL- 1) = B/() = D'D), (16)

where fl denotes Firm 1's first-best permit holdings and D’(-) captures marginal damages, which are
assumed, as usual, to be positive and non-decreasing in aggregate emissions.

Thisfirst-best equilibrium is depicted in Figure 1. The equilibrium allocation of permitsis given
by A and the corresponding permit priceby 2. Comparing this equilibriumto the equilibrium when
Firm 1 exercises monopoly power { A, P}, we can see that Firm 1's permit holdings are larger at the
monopoly outcome, and that the price of permitsis higher. Thisis a special case of amare general reult

derived by Hahn:

Result 2 (Hahn). When all firms are compliant and Firm 1 has monopoly power, Firm I's permit
holdings exceed the first-best level and the equilibrium permit price is higher than the first-best price:
5 >f1 and P> P (L- ZAl) The opposite is true when Firm 1 has monopsony power: I* <ZA1 and

Pe< P(L- 1)),

We can now turn to demonstrating the potential desirability of noncomplianceby the price-taking firms.
In the presence of noncompliance, net social benefits are captured in part by the difference

between aggregate (gross) profits and environmental damages:

v v (17)
PNSB = Bj(e,") + xB,(efP™) - D(e+ xeP™),
=2 =2

9A's van Egteren and W eber note, determining the consequences of market power (and noncompliance) is
more difficult if the regulator takes enforcement costsinto account when choosing L.
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where, as before, €"is Firm 1's emissions level, P is the equilibrium permit price, andthe ¢(-) are the
price-taking firms' emissions choice functions (see (1)). For the RHS of (17) to fully capture net social
benefits, the (social) costs of enforcement have to be subtracted from it. However, to avoid introducing
additional notéion, | have chosen not todo so. Itis sufficient to note that the costs of enforcement are
presumably lower when the regulator condones some noncompgiance, than when it ensures perfect
noncompliance. Thus, any increasesin PNSB from allowing noncompliance would understate the full
social benefits of doing so.

The desirability of allowing some noncompliance can be determined by differentiating PNSB
with respect to «, the compliance parameter introduced in (6), and evaluating the resulting derivative at
o« =0. Thederivativeis quitemessy, but it simplifies considerably when evaluaed at « = 0. The price-
taking firms are then all compliant, so their emissions equal their permit holdings, € = I'. Asshown in
Appendix B, thisimplies, not surprisingly, that the solution to Firm 1's problem, (8), is no dfferent than
the solution when al pricetaking firms are, by assumption, compliant. Asbefore, this solution is
{€°, 59 with the coresponding equilibrium permit price of P*°. Using these results, together with the

earlier result that price-taking firms set their marginal profits equal to the permit price (see (1)), we can

write:!
OPNSB !/, cc 7 cc cc. aelcn Irr cc cc N dei oP “" (18)
o= [Bi(e;,))-D'(L-1; +e + [P*-D'(L-1"+e oy —
o |oc—0 [Bi(ey ) ( 1 1)1 o [ ( 1 1)] Ez P o

I will first analyze this derivative under the assumption that Firm 1 does not engage in permit retirement.

Its permit holdings are thenequal to its emissions, and (18) simplifies to:*

M| n writing thisexpression, | have made use of the fact that the aggregate emissions of the price-taking
firms equal their aggregate permit holdings, (C - /5°), when compliant.

2Eor simplicity, | will ignore the possibility that the increase in o induces Firm 1 to switch from not retiring
permits to retiring permits.
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_ ach _ N de. AP " (19)
. B/lcc - DXL _1+ P - DI(I)]- — .
o = [BI0) - DD+ OV s a

OPNSB
oo

The first termon the RHS reflects the effed of introducing some noncompliance on Firm 1's emissions,
the second term reflects the effect on the pricetaking firms emissions. The signs of these terms depend
on whether noncompliance shifts the emissions of the relevant firm(s) closer to thefirst-best level or
further away fromit. If the former istrue, the term hasa positive sign; if the latter istrue, thetermhas a
negative sign.

Determiningthe sign of the two termsin (19) requires knowledge of the signsof 95"o« and

dP"/oa.. The sign of 0P/ is characterized in the following result, which is derived in Appendix B:

Result 3. When Firm 1 exercises monopoly power, introducing noncompliance unambiguously lowers
the equilibrium permit price: 0P"/da < 0 regardless of the value of .. But when Firm 1 exercises

monopsony power, it can lower or raise the equilibrium permit price .

The monopoly result is not surprising. As Result 1 indicates, noncompliance increases the elasticity of
the price-taking firms' aggregate demand for permits. This reduces Firm 1's monopoly power, leading to
alower permit price. Result 1 also indicaes that the price-takingfirms' aggregate demand for permitsis
reduced, this also leads to alower permit price.

The monopsony result can be understood by observing that the increased elasticity of the price-
taking firms’ aggregate (gross) demand for permitsimplies that their net supply of permits,

N
¥ 10 - L_kl(P), ismore eladic (see (4)). Thisreduces Firm 1's monopsony power, which, by itself,

i
i=2

would lead to a higher permit price However, noncomplianceal so reduces the price-taking firms
aggregate demand for permits, thereby increasing the aggregate supply of permits, which leads to alower
permit price. Thus, the overall effect on price of introducing noncormpliance is, ingeneral, ambiguousin

the monopsony case.
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Result 3, along with the market-clearing condition in (7), can beused to evaluate the sign of

ol5"low. Substituting P*'for P in (7) and differentiating with respect to «;, one can write:

ki s (20)
= - . + , .
,'§2 oP oo i=]\%+1 !

The second termon the RHS df this expression is positive(see (2)). The d9gn of the first term is
determined by the sign of oP*"/oa. If 90P*/oa < 0, asis aways true when Firm 1 exercises monopoly
power, thefirst term is negative; i n this case, the sign of (20) isambiguous. Therefore, when Firm 1
exercises monopoly power, introducing noncompliance can raise or lower its permit holdings. This can
be explained as follows. The lower permit price induced by noncompliancewould, by itself, increase the
quantity of permits demanded by theprice-taking firms. But noncompliance also lowers their aggregate
demand for permits, which reduces the quantity of permits demanded. The former effect is captured by
the first term on the RHS of (20), and the latter eff ect by the second term.

If oP*/oa > 0, asis possi ble when Firm 1 ex ercises monopsony power, the first termis positive
and introducing noncompliance unambiguously rases Firm 1's permit holdngs. As shown in Appendix
C, thisis always true when Firm 1 hasmonopsony powetr, i.e., the effect captured by the second term

dominates the effect captured by the first term. These findings are summarizedin:

Result 4. When Firm 1 exercises monopoly power, introducing some noncompliance can raise or lower
its permit holdings. However, when Firm [ exercises monopsony power, introducing some noncom-

pliance unambiguously raises its permit holdings, 9l5"[dc. > 0.

B. Monopoly Power
We are now in a position to evaluate the Sgn of (19) and determine the desirahility of
introducing some noncompliance. Let usfirst consider the case where Firm 1 exercises monopoly power.

Result 2 together with the relationships in (16) then imply that the first bracketed expression in(19) is
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negative and the second brackeed expression is positive. Given Result 3, we can conclude that the
second termin (19) is positive. The sign of the first taeam in (19) depends on the sgn of 95"/ow. If
oli"ow < 0, the first term is also positive, butif 9/5"/ox > 0, it is negative. These observationsimply that
when Firm 1 exercises monopoly power, introducing some noncompliance is socially desirableiif it
lowers Firm 1's permit holdings, since (19) is then unambiguously positive.

Noncompl iance could be desirabl e even in the case where it raises Firm 1's permit holdings. In
this case, thefirst term in (19) is negative but the second term ispositive. The second term could
outweigh the first one, that is, the lossesfrom moving Firm 1's emissions further away from the first-best
level could be outweighed by the gains from moving the price-taking firms' emissions closer to the first
best level. Thispossibilityisillustrated in Figure 2, which depictsa case in which Firm 1 has monopoly
power but does not retire permits. Asinthe previousfigure, Firm1 is assumedto receive al C permits
initially, and the price-taking firms are assumed to be identical. The dashed curvesin the figure, P, and
M., are the equilibrium priceand marginal revenue functions when the price-taking firms are
noncompliant. The curves are drawn under the assumption that the price-taking fi rms face the same
quadratic expected penalty function, with §'(0) = 0.2

The equilibrium alocation of permits whenthe price-taking firmsare noncompliant is given by
A The corresponding permit priceis P". Since Firm 1 is compliant, A* also givesits equilibrium
emissionslevel. The aggregate emissions of the price-taking firms are given by the point labeled E.
The distance between E*} and A®" captures the amount by whichtotal emissions exceed L because of
noncompliance.

As shown, noncompliance lowers the equilibrium permit price from P* to P*", moving the price-

taking fi rms aggregate emissions from A« to E*], which is closer to the first-best level, 4. Firm 1's

13This assumption is made to simplify the diagram. It implies that the demand curves with and without
noncompliance intersect at the horizontal axis.
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emissions, on the other hand, move further away from the first-best level, from A“to A®". To quantify
the welfare effects of these movements, we need to specify a marginal damage curve, D'(+), in the figure.
It issimplest to assume that marginal damages are constant (D” = 0). Given (16), D’ would then coincide
with P = P(C - fl ), asindicated by the dashed horizontal linein the figure. Given this margi nal damage
curve, the (net) benefits of moving the price-taking firms' emissions toward the first-best level are given
by area (dgho), and the (net) costsof moving Firm 1's emissions away from thefirst-best level are given
by area (afdb). Thefirst areais clearly larger than the second, hence noncompliance yields positive net

social benefits.

C. Monopsony Power

We now turn to the case where Firm 1 exercises monopsony power. For this case, Result 2 and
the relationshipsin (16) imply that thefirst bracketed expression in (19) is positiveand the second
bracketed expression is negative. It follows from Result 4 that the first term in (19) is positive. Asfor
the second term, its sign isdetermined by the sign of oP*"/o«. If 0P*/ox > 0, the second term is also
positive, but if oP"/ox < 0, the second term is negative. Thisimplies that when Firm 1 exercises
monopsony power, some noncompliance is unambiguously desirable if it raises the equilibrium permit
price, since (19) isthen unambiguously positive. If noncormpliance lowers the equilibrium permit price,
it may still be socially desirableif the beneficial effect on Firm 1's emissions outweighs the detrimental
effect on the price-taking firms' emissions, that is, if the first termislarger in absolute value than the

second.

D. Allowing for Permit Retirement
The above assessment of the desirability of noncompliance has assumedthat Firm 1 does not
engage in permit retirement. Recall that eg. (19) was obtained from eq. (18) by assuming that Firm 1's

emissions were equal to itspermit holdings: €°=£° If Firm 1 engagesin permit retirement, then its
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permit holdings are larger than its emissions, whichare at their maximum level: [5°>€° = €]. If we
assume, for simplicity, that achange in « does not induce Firm 1 to move from retiring permitsto not
retiring permits, thisimplies that thefirst term in (18) vanishes, because Firm 1’s emissions would stay

constant at €. Thus, (18) would reduce to:

OPNSB T e myy  de; gpen (21)
o= [PC-DI(L-1"+e™] y — - .
oa w0~ | (E=bmredl s b

From Result (2) and (16), we know tha P**> D’(C). Thisimplies, given (- /5° + €]) < 0 and non-
decreasing marginal damages, that P° > D’(C - 5° + €]). Thus, the bracketed expressionin (21) is
positive, which implies that (21) is unambiguously positive, since 0P*/oe. < 0 when Firm 1 has monopoly
power, as must be true if itretires permits. Thus, introducing noncompliance is unambiguously desirable
when Firm 1 engages inpermit retirement. The sole effect of noncompliance in this setting isto raise
the price-taking firms' emissions, bringing them closer to the first-best level.

The above results are summarized in the following proposition:

Proposition 2. (i) When Firm 1 exercises monopoly power, some noncompliance is unambiguously
desirable if Firm 1 engages in permit retirement or if noncompliance lowers Firm 1's permit holding; if
Firm 1's permit holdings rise, some noncompliance may still be desirable. (ii) When Firm 1 exercises
monopsony power, some noncompliance is unambiguously desirable if it lowers the equilibrium permit

price; if it raises the equilibrium permit price, it may still be desirable.

The potential desirability of noncompliance inthis setting is an illustration of the theory of second best.
The permit market considered is ore in which there are two market failures—-market power and
noncompliance. The theory of second best implies that correcting one of these market failures without

correcting the other need not improve social welfare. The potential desirability of allowing
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noncompliance when Firm 1 exercises market power confirms this.

5. Noncompliance by Firm 1

| have thus far only allowed the price-taking firms to be noncompliant. If Firm 1 is noncompliant
aswell, its decision problem changes to the extent that: (i) the constrant |, > e, must be replaced with a
simple non-negativity constraint, /,> 0; and (ii) the expected penalties for noncompliance, S;(v,), must be
subtracted from the objective function in (8). The changes to the Kuhn-Tucker conditions for an interior
optimum (0 <" <[, €" > 0) are quitestraightforward: p isreplaced by S,’(v,) in conditions (9) and
(10), and condition (11) iseliminated. The resulting changes in Firm 1's emissions and permit holdings

are those we would expect to observe:

Result 5. Noncompliance by Firm 1 lowers its permit holdings and raises its emissions level:

"<l and ey > e"=1y". The lower permit holdings imply a lower equilibrium permit price, which in

N N
turn implies higher emissions by the price-taking firms: P" < P and 5 ¢/" > v e
i=2 i=2

The proof of the key result, /;" < /5", is provided in Appendix D.

Noncompliance by Firm 1 obviously rules out the possibility of permit retirament, sinceFirm
1's permit holdings must be smaller than its emissions level for it to be noncompliant. A question we can
ask is whether noncompliance would ever be attractive to Firm 1 if it chooses toretires permitswhen it is
constrained to being compliant. Intuition suggests that noncormpliance would not be attrac-tive, since
the firm voluntarily chooses to hold excess permits when it engages in permit retirement. Thisintuition

can be confirmed quite easily (see Appendix E). It has an obvious, yet interesting, implication:

Proposition 3. If Firm 1 chooses to retire permits, no enforcement is necessary to ensure its compliance.

The exercise of monopoly power provides sufficient incentive for it to be compliant.
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This compliance incentive of monopoly power is also present, albeit to alesser degree, in the
case where Firm 1 does not retire permits. The incentive manifestsitself in terms of the magnitude of the
marginal expected fine needed to enaure Firm 1's compliance. It can be shown that a smaller marginal
expected fine is needed to ensure Firm 1's compliance when it has monopoly power than whenitisa
price taker.**

Noncompliance on the part of Firm 1 does not € iminate the potential desirability of noncom-
pliance among the price-taking firms: the shifts in emissionstowards the first-best levels noted in Section
4 would still occur. However, thedesirability of the price-taking firms' noncompliance could be
diminished because noncomplianceby Firm 1 further raises total emissions above the target level, L. If
D" > 0, thiswould result in higher marginal damages from the price-taking firms emissions.

The desirability of Firm 1's noncompliance is also of interest. However, unlike noncompliance
by the pricetaking firms, there are noreadily identified cases inwhich noncomplianceby Frm 1is

unambiguausly desirable. It appearsto invarialdy have some undesirable efect.

6. Optimal Permit Endowments

Van Egteren and Weber observe that aregulator can influence both the extent of nonconmpliance
in the permit market and theextent of Firm 1's market power by varying Firm 1'sinitial endowment of
permits. Accordingly, they examine the effects of changesinFirm 1'sinitial endowment of permits on
net social benefits. These consist of firms' gross profits less the damagesfrom pollution and the costs of
enforcement. The latter are given by Gp,(v,), where G is the social cost of conductingan audit and p,(v,)

isthe probability of an audit. They derive the following derivative (in their 3. (21)) which describes the

1As van Egteren and W eber show, for Firm 1 to be compliant, the marginal expected fine it faces when at a
zero violation must be no smaller than its marginal revenue from the sale of a permit: S;’(0) > M(C - [,, 8- 1). This
condition is both necessary and sufficient given the assumption that -oM, /90l; < 0. The correponding condition for
a price-taking firm to be compliant is S,’(0) > P(C - 7;). To the extent that M (C - i", 2 - ") < P(C - 1'), wherel}’
denotes Firm 1's permit holdings when it is a price taker, the stringency of the compliance condition is reduced.
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effect of anincrease in Firm 1'sinitial endowment on net social benefits:

ONSB ' nn al"n — nn 17 onn de " N aei N ’ avin
S - P -y =+ P - DEM]| ——+ 5 —| - Gy p—, (D
al; ol; o, =24l =1 3l

where E™ represents total emissions in the presence of noncompliance by both Firm 1 and price-taking
firms.

Van Egteren and Weber argue that the sign of this derivative is ambiguous, except for the case
where Firm 1 is compliant and has monopoly power (then ;" and E™ should be replaced by /5" and E™).
They argue that in this case the derivative is negative, i.e., increasing Firm 1'sinitial permit endowment
reduces net social benefits (e their Propodtion 3). However, the sign of (22) is ambiguous even in this
case. Thefirsttermin (22)is negativeand the third term is positive, as they show, but thesecond termis
not equal to zero, contrary to their argument; its sign is ambiguous.® This can be verified from Figure 2,
which depictsa permit market in which Firm 1 is acompliant monopolist and the price-teking firms are
noncompliant. The bracketed expressionis positive for the case depicted since P" > D’(LC). Inspecting
Figure 2, it is not difficult to see that if noncompliance were more severe, P" < D’(L)) could hold. Thus,
the sign of (22) is ambiguous even when Firm 1 is a compliant monopolist. Asaresult,no simple
prescriptions can be derived regarding the direction in which the regulator shouldvary Firm 1'sinitial
permit endowment to increase net social benefits.

The derivative in (22) can be used to show that it is generally not socially optimal to eliminae
Firm 1's market power. As can be verified from (12), Firm 1's market power can be eliminated by setting

itsinitial endowment of permits equal to its equilibrium permit holdings(/ = ;" or £ ="). If thiswere

A possible explanation of the analysis invan Egteren and Weber is that they assume aei”/all" is constant
across firms. This allowsthem to rewritethe second term inan alternative form which they present in equation (23)
of their paper. They argue that thisalternative expression equals zero. However, this expression need not equal zero
because the pattern of emissions differswhen price-taking firms are noncompliant and thus, total emissions may
exceed L.
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socially optimal, the derivative in (22) would equal zero when = /{". The first term in (22) does vanish
when £ = [;", but the third term is (stil ) positive. Thisreflects the fact that setting 2 > ;" and conferring
monopoly power on Firm 1 resultsin lower enforcement costs because it reduces the magnitudes of
firms' violations. For theprice-taking firms, this occurs because their violations are decreasingin the
permit price, and monopdy power rai s the equilibrium permit price. The sign of the secondtermin
(22) is, in general, still ambiguous when /5 = 73". It can beverified that the bracketed expression inthis
term is negative if we assume, as before, that the total number of permitsissued, C, was chosen assuming
afirst-best setting.’® The expression in parentheses is also negative if the increase in Firm 1's emissions
resulting from its larger endowment is offset by the reduction in the pricetaking firms' emissions because
of the higher permit price (as van Egteren and Weber show, d¢}"/0/5 > 0 and oe,/al} < 0). If this offset
holds, then oNSB,/312 > 0, which inmplies that conferring some monopoly power on Firm 1 is socially
optimal. If the offset does na hold, the expression in parentheses is positive, rendering the sign of
ONSB/al° ambiguous. If aNSB/3L2 < 0, it would be optimal to set £ < /;" and confer some monopsony

power on Firm 1. We therefore have:

Proposition 4. In the presence of noncompliance, it is generally not socially optimal to eliminate

Firm 1's market power.

This result can be viewed as another illustraion of the theory of second best, complementing the earlier

result on the potential desirability of nhoncompliance.

®Given this assumption, p- D'(C), asin (16). As Malik (1990) shows, noncompliance leads to a lower
equilibrium permit price in a competitive permit market, thus P,(C - /i) < P. Noncompliance also impliesE™ > L in
acompetitive market. If D" > O, thisin turn implies that D'(E™) > D'(L). We can therefore write: P (L - /") -
D'(EMm <P -D'(C)=0.
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7. Concluding Remarks

The possibility that a firm with monopoly power could choose to retire permitsis afairly striking
one. Thisresult might appear to hinge on the implicit assumption that Hrm 1 is unable to engagein price
discrimination. If price discrimination were feasible, permit retirement would be reduced, if not
eliminated. Firm 1 woud then be ableto raiseits prdfits by selling excess permits at a reduced price to
buyers with low permit valuati ons, without affecting the price it receives for per mits sold to high
valuation buyers. However, scope for price discrimination is virtually nonexistent in the setting
considered given the ease with which permits can beresold. Thiswould undercut any attempt by Firm 1
to price discriminate.

Price discrimination, albeit of an involuntary nature, may be relevant in a multi-period setting in
which permits are valid for more thanone period. In this case, Firm 1 would efectively be a durable
goods monopolist. Asiswell known, the ability of such afirmto exercise monopoly power is
diminished if it engagesin intertemporal price discrimination by loweringits price over time (e.g., see
Tirole, 1989, pp. 72-74). However, this form of price discrimination is detrimental to themonopolist,
and it would seek devicesthat would enable it to commit to a priceand retain itsmonopoly power.

Like Hahn and van Egteren and Weber, | have assumed that only one firmin the permit market is
able to behave strategically and influence permit price. Westskog (1997) has extended Hahn's model of
market power with perfect compliance to allow for multiple firms behaving strategically, each engaging
in Cournot behavior. He finds that Hahn's results carry over to this more complex setting. In terms of
the model presented here, this extension would result in two changes to the conditions characterizing
market equilibrium: (i) additional conditions such asthosein (9)-(11) woud be introduced for each of
the other firms with market power, and (ii) the equilibrium price function, P,(-) would now have asiits
argument (L_ -y lj), where J denotesthe set of firms with market power. These changes would

JjeJ
complicate the analysis (and render infeadble graphicd exposition), but they should not affect the basic
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results of the paper, namely, the possibility of permit retirement and the potential desirability of
noncompliance among the price-taking firms. The condition for one of the market power firms to engage
in permit retirement would be identicd to (14), except for the change in the argument of the equilibrium
price function. ldentifying the condtions under which noncompliance by the price-taking firmsis
desirable would be more complicated, especialy if some firmshad monopdy power and others
monopsony power. However, consistent with the theory of second best, there would invariably be
situations in which noncompliance would be desirable, given its ahility to shift emissions toward first-

best levels.
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Appendices

A. Proof of Proposition 1

The sufficiency of the condition in (14) can beestablished by observing that it rulesout /, = e, = €]
satisfying (10) and being a solution to the firm's problemwhen p = 0 (as must be true when g = €7).
Given (13), condition (14) also rulesout e, =/, < €] satisfying (10) and being a solution when p > 0.
Thisleaves 1, > e, = €] asthe only possible solution to the firm' s problem. [The existence of asolutionis
guaranteed by the continuity of the objective function and the compactnessof the feasible set defined by
the constraintsin (8).] Necessity can be established by observingthat, given (13), (10) will hold for 1, >
e, = €7 only if (14) holds. Finally, examining (14), it is evident that for it to hold, the second term must
be negative and sufficiently large in absolute value. Since P,'(1) < 0, the second term is negative only if
L>e.

B. Effect of Introducing Noncompliance on the Equilibrium Permit Price
The effect of introducing noncompliance on the equilibrium permit price is most easily determined
by analyzng the dual of Firm 1's problem in(8).'” Using the market-clearing condition in (7), this

problem can be written as:

0
max  B(e) + P[l; - 1]
€20, P>0

(A-1)
st. 1 > e,
where
_ N, N
L= L- sIf® - y LEPW. (A-2)
i=2 i=N_+ 1

Letting A > O be the Lagrange multiplier associated with the constraint, the Kuhn-Tucker conditions for
an interior soluion (€"> 0, P > Q) to this problem are:

B/(e) = (A-3)

Ne d1o(P) N Al(Pye) o
. +

P - A ' 1P -11 = o, A-4
D A T [ - 4] (A-4)
A(l-e) = 0. (A-5)

YHahn consdered thisdual problem.
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Examining (A-2)-(A-5) and (6), it is not difficult to see thet if « = 0, the Kuhn-Tucker conditions would
be identical to those when all the price-taking firms are by assumption compliant. Thisinplies. &"| ., =
e°and P"| ., = P*~.

I now turn to determining the effect of introducing noncompliance on the equilibrium permit price,
oP"/oa. Let usfirst consider the case where Firm 1 does not engage in permit retirement (/, = e,). Inthis
case, (A-3)-(A-b) can be collapsed into a single condition:

[P - B/()] S @ . APy [ - 1] 0 (A-6)
—_ . + =+ — = -
CYUE ap L op toa ’

Note that the first bracketed expression must be positive if Firm 1 exercises monopoly power, that is, if
B> 1,, and negative if it exerdses monopsony power, that is, if 25 < /.

Let Z denote the LHS of (A-6). It can be verified that gven the second-order sufficient condtions
for the problem in (A-1), if Z is decreasing in ¢, then introducing noncompliance unambiguously reduces
the equilibrium permit price oP"/ox < O regardless of the valueof «. Differentiating Z with respect to«
yields:

N c

oZ ¢ dl; (P) N ol(P;e) N

oL _ _BI//(ZI)]. s + oy Iy Si/ P
i=2 dP i=N,+1 oP i=N_+1

(A-7)
/ v as]” N
- [P - Bi()]- : - S, ()]

e i=1€+1 dP i=]\%+1

Thefirst termin this expresson is negative, whilethe last term is positive, asis the large bracketed
expression in the second term (see the discussion of eg. (2)). The sign of the secondterm depends on
that of [P- B,’(/,)]. Asnoted in the text, when Firm 1 exercises monopoly power, it has a positive sign.
Together, these observations imply that when Firm 1 exercises monopoly power, dZ/de. is unambiguously
negative, which in turn inplies that o0P""/oe. < 0. On the other hand, when Hrm 1 exercises monopsony
power, the second term has a negative sign because [P - B,’(/,)] < 0 then; thisimplies that the sign of
0Z/de. is ambiguous and, as a result, the sign of 0P/« is ambiguous.

When Firm 1 retires permits, € = €] < 1, The relevant first-order condition is then (A-6) with
B,’(/,) replaced by zero, since B,’(€7) = 0. Equation (A-7) would change tothe extent tha the first term
would drop out, and in the second term, B,’(/,) would be replaced by zero. Hence, 0Z/o« and oP*"/o«
would be unambiguously negative.
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C. Proof that noncompliance by the price-taking firms raises Firm ['s permit holdings when it has
monopsony power, ;" >[5

Thisresult, which holds for any level o noncompliance, can be established by contradiction. By
definition: M,(C - £, I - £°) = B,'(&°) and M (C - 5", If - I5") = B, (15" given the Kuhn-Tucker conditions
in (9) and (10), and remembering that g =/, holds when Firm 1 has monopsony power (and is
compliant). Result 1 impliesthat M, < M_when Firm 1 has monopsony power. We can therefore write
M, (C - £, I - %) < B,/(I5%). If " < [&°, thisinequality would imply M (C - £, 19 - ") < B, /(") given
(13) and the strict concavity of B,(-). This contradicts the definition of /5".

D. Proof of Result 5

Given that Firm 1 is noncompliant, €" > /1" must hold. Assumingthat Firm 1 does not retire permits
when compliant,*® there are five possibilitiesto consider: (i) €"> 1" > ", (ii) " > " > [}, (iii) " ="
> o(iv)er >t =01 and (v) €' > "> )", Thefirst possibility can be ruled out by contradiction.
Given the Kuhn-Tucker conditionsin (9) and (10), M (C - £", B - ") =B, (" and M (C - ;", B - ;") =
B,/(g"). If € >n1"> [ thefirst equality would imply M (C - 1, 2 - ;") > B,'(€]"), given oM, /3,< 0
and B,” < 0. The second, third, and fourth possibilitiescan be ruled out in asimilar mamer. Only the
fifth oneisfeasible.

E. Proof of Proposition 3

Replacing p with S;’(v,), the Kuhn-Tucker conditionsin (9) and (10) imply M (C - 1, - ) = B,'(e,)
= S/’(v,) > 0 must hdd when Firm 1 is noncompliant, with/, < e, < €]. Thelast inequality follows from
the assumption that S;’(v,) > 0when v, > 0. If thepermit retirement condition holds, thatis, if M (C - €7,
B- €7) <0 (see (14)), then M (C - /,, 13- 1,) > 0 cannot hold for /, < €7, given oM, /9/; <0. An analogous
argument appliesif the pricetaking firms are all compliant—one need only replace M, () with M_(*).

18As show in A ppendix E below, if Firm 1 retires permits, it would never choose to be noncompliant. We
can therefor e ignore the case where Firm 1 retires permits when noncompliant.
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Figure 1. Monopoly Power and Permit Retirement
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Figure 2. Monopoly Power and the Effects of Noncampliance (no permit retirement)
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